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HIGH VOLTAGE CABLE ASSEMBLY WITH ARC PROTECTION 



BACKGROUND OF THE INVENTION 

Related Applications 
[0001] Not applicable. 

Field of the Invention 

[0002] The present invention relates generally to x-ray systems, devices, and related 
components. More particularly, exemplary embodiments of the invention concern a 
high voltage cable assembly configured to facilitate a reduction in arcing and related 
problems when the high voltage cable is mated v/ith a corresponding receptacle. 

Related Technology 

[0003] The various components employed in x-ray tubes and other high temperature, 
high-voltage applications are typically required to operate consistently and reliably 
under extreme conditions for sustained periods of time. In the case of an x-ray device 
O 5 ^ 1 S " for example, the generation of x-rays, which generally involves accelerating electrons at 

O 2 ^ H u < 

M 2 H tq H fc 

g 8 ^ 5 1 high speed to a target surface on an anode, can resuU in operating temperatures as high 
i|o||| asl300°C. 

O " " [0004] Not only are such components routinely exposed to high operating temperatures, 
but such components are often subjected to extreme thermal cycles as well. For 
example, x-ray devices are typically reach a required operating temperature within a 
time span of just a few minutes. Thus, the rate of change of temperature with respect to 
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time is relatively high. The thermal stresses imposed by such steep temperature 
gradients often have various destructive or detrimental effects on the structure and 
performance of the components of the device. 

[0005] One area where such thermal effects are of particular concern relates to high 
voltage cables and associated devices and equipment that are employed in connection 
with high voltage equipment such as x-ray devices. Typical high voltage cables include 
a cable having one or more electrical conductors electrically isolated from each other 
and wrapped in a protective covering or sheath. Examples of such cables include the 
so-called R3, R5, R12 and R24 cables. 

[0006] Typically, a terminal attached to the end of the cable includes a conical rubber 
element that terminates, at the narrow end of the cone, in a pair of electrical contacts, 
each of which is connected with a corresponding electrical conductor of the cable. In 
general, the conical rubber element is configured and arranged to be received within a 
correspondingly shaped receptacle so that the contacts on the terminal come into contact 
with corresponding contacts positioned near the bottom of the receptacle when the 

Pi 

w 2 = conical rubber element is fully received within the receptacle. In many cases, the high 

^2 g w ^ 

P i H w 1 1 voltage cable also includes threads, a flange, or other type of connector to enable the 

S ^ S o 5 >■' 

iz 1 i 3 ° 5 high voltage cable to be removably attached to the receptacle. 

mm 

s i i g [0007] Many of such high voltage cable assemblies are configured such that when the 

^< < 
o ^ 

^ cable is operably attached to the receptacle, the joint between the rubber terminal and 

the cable is located outside of the receptacle. Such arrangements were initially 

employed in relatively lower temperature applications and proved useful in at least 

some of those applications. Problems have arisen however where attempts have been 
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made to use such high voltage cable assemblies in applications that were not intended or 
anticipated. 

[0008] At least some of the problems experienced in connection with the use of typical 
cable assembUes in high voltage, high temperature operating environments concern the 
effects of the associated thermal conditions on the rubber terminal element of the 
terminal of the cable assembly. Li particular, heating of the rubber element causes the 
portion of the rubber element located outside the receptacle to expand, or spill, over the 
top of the receptacle so that an annular ring or bulge is formed on top of, and outside, 
the receptacle. This effect commonly occurs at or near the recommended maximum 
operating temperature of the cable assembly. 

[0009] As the cable assembly cools and contracts, the ring contracts partially, but not to 
the extent that the rubber element reassumes its original configuration. As a result, an 
annular ring remains fixed in position outside the receptacle. As discussed below, this 
situation is problematic. 

[0010] In particular, the position of the annular ring outside the receptacle prevents the 

terminal of the cable assembly fi-om retracting to the initial, fiiUy seated, position within 

the receptacle. Consequently, the contacts at the end of the terminal are no longer in 

physical contact with the corresponding contacts of the receptacle. Thus, when the 

device is reenergized, the physical separation between the contacts of the terminal and 

the contacts of the receptacle, in connection with the associated high potential, often 

causes arcing between the cable assembly and the receptacle, as well as related 

problems and conditions. Such arcing can damage, or destroy, the cable assembly 

and/or the device to which the cable assembly is mated, 
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[0011] A related effect is that, because the annular ring, or bulge, remains fixed in 
position outside the receptacle, the main body of the conical rubber element, located 
inside the receptacle, tends to pull away from the interior of the receptacle as the cable 
assembly cools. This separation creates an air gap that causes arcing and related 
problems when the device is reenergized. 

[0012] In view of the foregoing, and other, problems in the art, it would be useful to 
provide a cable assembly configured to reduce, or eliminate, the likehhood of 
occurrence of arcing and related problems and conditions due to uncontrolled 
deformation of the terminal element of the terminal. 
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BRIEF SUMMARY OF AN EXEMPLARY EMBODIMENT 
OF THE INVENTION 

[0013] In general, embodiments of the invention are concemed with a cable assembly 

suitable for use in connection with a variety of high voltage, and other high temperature, 

applications. 

[0014] hi one exemplary embodiment of the invention, a cable assembly is provided 
that is configured to mate with a corresponding receptacle, and that includes a cable, a 
fitting and a terminal. The terminal is attached to the fitting such that a joint is defined. 
The cable includes electrical conductors wrapped in a protective cover. The terminal 
includes a terminal element, composed of a resilient, non-electrically conductive 
material, that is connected at one end to the fitting. The other end of the terminal 
element includes a pair of electrical contacts, each of which is in electrical 
commimication with a corresponding electrical conductor of the cable. A pair of 
conductive elements within the terminal element electrically connects the electrical 
contacts with the electrical conductors of the cable. 

[0015] Li operation, the terminal of the cable assembly is inserted into the receptacle 

w 

O I ^ I S « until the contacts of the terminal come into contact with corresponding contacts of the 
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g8s^|^. receptacle. Further, the structure of the cable assembly is such that the joint 

o 2 -J V3 ^ 

5 1 1 < ^ S cooperatively defined by the fitting and the terminal resides within the receptacle. In 

g a, 2 ^ -J 

O 5 this exemplary implementation, the cable assembly is attached to the receptacle with a 
flange connection. 

[0016] As the cable assembly heats up in response to operation of the device with 
which the cable assembly is employed, diametric expansion of the terminal element is 
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substantially precluded, since the terminal element substantially resides within the 
receptacle which serves to constrain, if not prevent, such expansion. As a result of this 
arrangement, little or no permanent deformation is experienced by the terminal element, 
and the terminal element remains operably positioned within the receptacle. 
[0017] In this way, exemplary embodiments of the invention provide for, among other 
things, an effective, rehable, and repeatable, electrical connection that reduces, or 
eliminates, the likelihood of arcing between the cable assembly and the device with 
which the receptacle is associated. These and other, aspects of embodiments of the 
present invention will become more fully apparent from the following description and 
appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] In order that the manner in which the above-recited and other advantages and 
features of the invention are obtained, a more particular description of the invention 
briefly described above will be rendered by reference to specific embodiments thereof 
which are illustrated in the appended drawings. Understanding that these drawings 
depict only typical embodiments of the invention and are not therefore to be considered 
limiting of its scope, the invention will be described and explained with additional 
specificity and detail through the use of the accompanying drawings in which: 
[0019] Figure 1 is an exploded perspective view of an embodiment of a cable assembly 
and associated exemplary operating environment; 

[0020] Figure 2 is a side view of an implementation of a cable assembly and associated 
exemplary operating environment; 

[0021] Figure 2 A is a detail view taken fi-om Figure 2 and showing aspects of the 
arrangement of the cable assembly relative to the exemplary operating environment; 
[0022] Figure 3 is a side view of an altemative implementation of a cable assembly; and 
z [0023] Figure 3A is a detail view of a portion of the cable assembly of Figure 3, 

O 9 g w 

Q I H ^ II showing aspects of the arrangement of the cable assembly as they relate to an 
Z 1 § 3 S u exemplary operating environment. 

Mm 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 



OF THE INVENTION 



[0024] Reference will now be made to the drawings to describe various aspects of 
exemplary embodiments of the invention. It should be xmderstood that the drawings are 
diagrammatic and schematic representations of such exemplary embodiments and, 
accordingly, are not limiting of the scope of the present invention, nor are the drawings 
necessarily drawn to scale. 

[0025] Generally, embodiments of the invention concern a cable assembly configured 
so that the terminal remains fully received within the associated receptacle over a 
desired range of operating voltages, temperatures and/or other operating conditions. 
Such exemplary embodiments thus reduce, or eliminate, the likelihood of occurrence of 
arcing and related problems and conditions due to uncontrolled deformation of the 
terminal. As a result, exemplary embodiments of the invention enable the 
implementation of, for example, an effective, reliable, and repeatable electrical 
coimection between the cable assembly and the device with which the receptacle is 
associated. 

[0026] Directing attention now to Figure 1, details are provided concerning an 

exemplary operating environment in connection with which exemplary embodiments of 

the invention may be employed. In particular, a metal-ceramic x-ray device 100 is 

indicated that is configured to removably mate with a cable assembly 200. The x-ray 

device 100 includes a body 102 that defines a ceramic high voltage receptacle 104, 

exemplarily implemented substantially in the shape of a cone. Disposed within the 

ceramic high voltage receptacle 104 are electrical contacts 106 and 108 configured and 
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arranged for electrical communication with the cable assembly 200, as discussed in 
further detail below. The x-ray device 100 further includes a window 110 through 
which x-rays are transmitted. In the illustrated embodiment, a flange 1 12 is provided as 
well that is configured and arranged to connect with a mating flange of the cable 
assembly 200, discussed below. 

[0027] Note that while embodiments of the cable assembly 200 may be employed in 
connection with devices such as x-ray tube 100, this exemplary application for cable 
assembly 200 is not intended to limit the scope of the invention in any way. More 
generally, cable assembly 200 may be employed in any application or environment 
where the functionality disclosed herein in connection with cable assembly 200 and its 
components may prove useful. For example, embodiments of the cable assembly 200 
may be employed in connection with devices such as, but not limited to, high tension 
("HT") generators, and a variety of other high voltage and high temperature systems 
and devices. 

[0028] With continuing reference to Figure 1, the cable assembly 200 is exemplarily 
implemented as a two ended assembly that includes a cable 202 having a terminal 204 
at either end. In yet other implementations, the cable assembly 200 includes only a 
single terminal 204 and is hardwired at the other end to a system, device, or component. 
Various other configurations of the cable assembly 200 may be implemented as well 
however. By way of example, some cable assemblies 200 include a pair of terminals at 
one end. 

[0029] The illustrated embodiment of the cable assembly 200 additionally includes a 

pair of flanges 206 configured to be bolted to the mating flange of, for example, the x- 
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ray device 100. Various other types of connectors may alternatively be employed 
however. For example, some embodiments of the cable assembly 200 include twist 
lock type connectors that can be engaged and disengaged with a short tum, such as a 90 
degree rotation. Yet other embodiments of the cable assembly 200 include one or more 
thread connections, which may be male or female, configured to engage corresponding 
threads of the system or device to which the cable assembly 200 is to be connected. 
Various other types of connections may be employed as well. 

[0030] Further, other exemplary embodiments of the cable assembly 200 additionally, 
or altematively, include fittings such as 45 degree and 90 degree elbows. In the 
illustrated implementation, a fitting, implemented as a 90 degree elbow 208, is provided 
that is attached to the flange 206. Such fittings may be made of any suitable materials, 
including various metals. 

[0031] In addition to the cable 202 and various fittings that are employed in exemplary 
embodiments of the cable assembly 200, the cable assembly 200 further includes, as 
noted earlier, one or more terminals 204 that cooperate with the cable 202 to define a 
joint 210. The terminal 204 may be attached to the cable 202 using any of a variety of 
suitable processes and devices, such as crimping for example. Note that in some 
implementations, the terminal 204 is produced as a retrofit item for attachment to cables 
such as, but not limited to, the R3, R5, R12 and R24 high voltage cables whose older 
terminals have become deformed or are otherwise unsuited for use. 
[0032] In the illustrated embodiment, the terminals 204 each include a terminal element 
204A that is substantially composed of a resilient, non-electrically conductive material, 
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examples of which include, but are not limited to, rubber, nylon, plastic and silicone. 
Other materials having similar properties may alternatively be employed. 
[0033J Disposed at one end of the terminal element 204A are a pair of electrical 
contacts 204B and 204C configured to touch the corresponding contacts 106 and 108, 
respectively, disposed within the ceramic receptacle 104 when the terminal element 
204A is fully received within the ceramic receptacle 104. An insulator 204D 
electrically isolates the electrical contacts 204B and 204C firom each other. The 
electrical contacts 204B and 204C, in turn, are each connected with a corresponding 
electrical conductor (not shown) of the cable 202 by way of conductive elements (not 
shown) disposed within the terminal element 204A. In this way, electrical 
communication can be established between the contacts 106 and 108 of the x-ray device 
100, and the electrical conductors of the cable assembly 200. 

[0034] In general then, aspects of exemplary cable assemblies 200 such as, but not 
limited to, the length, diameter, sheathing type, size and number of conductors, number 
of electrical contacts, number of connections, connection type, number and type of 
fittings may be varied as necessary to suit the requirements of a particular application. 
As the foregoing thus suggests, the scope of the invention is not intended to be, nor 
should it be construed to be, limited to any particular implementation of cable assembly 
200. 

[0035] Directing attention now to Figures 2 and 2A, details are provided concerning 

aspects of an exemplary cable assembly 300 as employed in connection with a device 

such as x-ray device 100. As the exemplary cable assembly 200 illustrated in Figure 1 

is similar in many regards to the exemplary cable assembly 300, only certain aspects of 
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the cable assembly 300 will be considered in detail in connection with the discussion of 
Figures 2 and 2A. 

[0036] In general, the cable assembly 300 includes a terminal element 302 having 
contacts 302A and 302B configured and arranged for electrical communication with the 
corresponding contacts 106 and 108, respectively, of the x-ray device 100. The 
terminal element 302 is generally sized and configured to occupy a substantial portion 
of the receptacle 104 so that, in some exemplary implementations at least, the terminal 
element 302 is in substantial contact with the walls of the receptacle 104. The cable 
assembly 300 is removably retained in this position by way of a flange 304 that is 
bolted to the mating flange 112 of the x-ray device 100 by way of bolts 306. The flange 
304, in tum, is attached to a fitting, 90 degree elbow 308 in this example, wherein the 
cable 310 of the cable assembly 300 is received. 

[0037] As best illustrated in Figure 2A, an interface portion 312 of the 90 degree elbow 
fitting 308 extends firom the flange 304 and is attached to the terminal element 302 so 
that a joint 314 is cooperatively defined by the fitting 308, specifically, the interface 

erf 

r portion 312, and the terminal element 302. In this particular implementation, the 

^2 g w ^ 

p 23g|| interface portion 312 and terminal element 302 are configured and arranged so that 
^ i i 3 g B when the cable assembly 200 is operably mated with the receptacle 104, the joint 314 

> S p w 1^ < 

2 S < I o H cooperatively defined by the fitting and the terminal element 302 resides within, or 
^ below the top of, the receptacle 104. The specific position and location of the joint 314 

within the receptacle 104 may be varied as necessary to suit the requirements of a 

particular application. 
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[0038] This arrangement has various useful impUcations. For example, location of the 
joint 314 at a desired depth within the receptacle 104 ensures that any thermally induced 
diametric expansion of the terminal element 302, will be minimal, or nonexistent, due to 
the location of the joint 314 within the receptacle 104, and due to the relatively close fit 
between the receptacle 104 and the terminal element 302. Because no significant 
diametric expansion or deformation of the terminal element 302 can occur, the location 
of the joint 314 within the receptacle enables the terminal element 302 to remain 
operably seated within the receptacle 104 over a wide range of operating temperatures. 
[0039] Further, because the ring or bulge deformation associated with many known 
cable assemblies has not formed, and cannot form, the cooling of the cable assembly 
300 has no detrimental effect on the positioning of the terminal element 302 within the 
receptacle 104. Thus, arcing between the cable assembly 200 and the receptacle 104, is 
substantially precluded. 

[0040] With attention now to Figures 3 and 3A, details are provided conceming aspects 
of an exemplary cable assembly 400. Similar to the exemplary cable assemblies 200 
and 300, the cable assembly 400 includes a terminal element 402 having contacts (not 
shown) configured and arranged for electrical communication with the corresponding 
contacts (not shown) of an operating environment such as an x-ray device. Further, the 
terminal element 402 is attached to a fitting 404 of the cable assembly 400 so that a 
joint 406 is cooperatively defined by the terminal element 402 and the fitting 404. The 
exemplary cable assembly 400 additionally includes a cable 408 that is attached to the 
fitting 404. 
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[0041] It should be noted that while, in the illustrated embodiment, the fitting 404 is 
metal and takes the fomi of a 90 degree elbow that includes a pair of flanges, the scope 
of the invention is not limited to any particular type, material or configuration of fittings 
208, 308 or 404. For example, one or more of such fittings may comprise any fitting 
that defines a bend. Moreover, the fitting need not define a bend in every case. Rather, 
in some other implementations, the fitting is a substantially straight section. In yet other 
cases, the fitting may comprise one or more bent sections and straight sections in 
combination. Further, the fittings need not include flanges. Rather, any other devices, 
structures and/or techniques for joining the fitting to the terminal element may be 
employed. 

[0042] In this exemplary embodiment, the terminal element 402 defines a groove 402A 

that extends around a substantial portion of the circumference of the terminal element 

402, so that the groove is substantially annular, and is located proximate the joint 406. 

Additional or alternative locations for the groove 402A may be selected as well 

however. Further, aspects of the geometry and location of the groove 402A may be 

varied as necessary to suit the requirements of a particular appUcation. 

[0043] By way of example, altemative implementations of the groove 402A have a 

substantially rectangular, or triangular, cross-section. Implementations of the groove 

402A having a partial elliptical, or partial circular cross-sectional shape may be 

employed as well. Further, the depth and width of the groove 402A may be varied as 

necessary. As well, the groove may be defined by cutting, forming, molding, 

machining or any other suitable process. Finally, some implementations of the 

invention include multiple grooves, each of whose geometry may be selected to suit a 
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particular purpose or application. Consistent with the foregoing, the scope of the 
invention should not be construed to be limited to any particular groove 
implementation. 

[0044] In the illustrated embodiment, the groove 402A is defined by the terminal 
element 402 such that when the terminal element 402 is operably received within the 
receptacle 104, the groove 402 A is located proximate the opening of the receptacle 104, 
as best illustrated in Figure 3A. Thus, even though the joint 406 is located outside, or 
above, the receptacle 104, the formation of the groove 402 A results in the effective 
removal of the terminal element 402 material that, if otherwise present, would expand 
above the receptacle 104 and deform in the manner associated with many known cable 
assemblies. Additionally, the presence of the groove 402A enables the terminal element 
402 to remain operably seated within the receptacle 104 over a wide range of operating 
temperatures. In this way, the deformation of the terminal element 402, and the 
associated problems resuUing firom such deformation, are substantially precluded. 
[0045J As indicated by the disclosure herein, a variety of means may be employed to 
perform the functions disclosed herein, concerning control of the diametric expansion of 
the terminal element of the cable assembly. Thus, the configuration of the terminal 
element/fitting joint such that the joint is able to reside within the receptacle, as well as 
the groove defined in some embodiments of the terminal element, comprise but two 
exemplary structural implementations of a means for facilitating control of the 
diametric expansion of the terminal element. 

[0046] Accordingly, it should be understood that such structural implementations are 

disclosed herein solely by way of example and should not be construed as limiting the 
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scope of the present invention in any way. Rather, any other structure or combination 
of structures effective in implementing the functionality disclosed herein may likewise 
be employed. By way of example, in some embodiments of the cable assembly, a 
groove is formed in the terminal element and, further, the joint between the terminal 
element and the cable resides within the receptacle. 

[0047] The described embodiments are to be considered in all respects only as 
exemplary and not restrictive. The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. All changes which come 
within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 
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